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DETAILED ACTION 

Specification 

1. The disclosure is objected to because of the following informalities: "KV" is 
referenced throughout the Specification. It is noted that "KV" is different from "KeV," 
which is recited in the claims. 

Appropriate correction is required. 

Claim Rejections -35 USC §103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 
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4. Claims 1, 2, 6, and 10 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Applicants' admitted prior art in view of Narasimhan et al. (US 

6,372,301). 

As to claims 1, 2, and 6, Applicants' admitted prior art illustrates and teaches a 
method of forming a dual damascene by etching a low-k dielectric layer, then forming a 
barrier layer over the etched dielectric layer, and filling the etched layer with copper (see 
pages 1-5, Description of the Related Art). 

Applicants' admitted prior art fails to teach after etching a low-k material, 
providing a copper barrier treatment to an etched surface of the low-k material by a 
surface reforming process performed to carbonize, nitride, bromize, form into boride, 
reduce, or form into amorphous the etched surface, or a combination thereof; the 
surface reforming process being performed by making ions accelerated by voltage or 
neutral particles obtained by diselectrifying the accelerated ions collide against the 
etched surface in either a same processing chamber as where the low-k material was 
etched or in a different processing chamber after being transferred thereto in vacuum, 
in claim 1; 

wherein a surface reforming material is deposited on the etched surface before 
making said accelerated ions or said neutral particles obtained by diselectrifying said 
accelerated ions collide against the etched surface, in claim 2; 

prior to filling copper, forming at once a copper barrier layer on the side wall 
portions and the plane portions of the created plug portion by a plasma process utilizing 
a gas plasma generated from a mixture including at least a rare gas and one of the 
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following gases; carbon atom-containing gas, nitrogen atom-containing gas, hydrogen 
atom-containing gas, bromine atom-containing gas, or boron atom-containing gas, in 
claim 6; and 

wherein the copper barrier layer is formed to reach a depth of 3 nm to 50 nm, in 
claim 10. 

Narasimhan teaches a method for improving adhesion of diffusion layer on low-k 
FSG or a halogen-doped silicon oxide layer (Abstract). A barrier film, such as tantalum 
nitride is deposited by sputtering argon and nitrogen gas on target 316 with an RF 
power source and DC bias (column 5, lines 23-24 and column 6, lines 1-9 and 15-36). 
The diffusion barrier layer has a thickness between 50 A and 200 A (i.e. 5 and 20 nm), 
(column 6, lines 8-9) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the admitted prior art by using Narasimhan's method of 
depositing a barrier layer onto a low-k dielectric for the purpose of preventing silicon into 
an overlying metal layer (column 6, lines 1-3). 

Claim Rejections - 35 USC § 102 

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 
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6. Claims 4 and 5 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Applicants' admitted prior art. 

As to claims 4 and 5 Applicants' admitted prior art illustrates and teaches a 
method of forming a dual damascene by etching a low-k dielectric layer, then forming a 
barrier layer over the etched dielectric layer, and filling the etched layer with copper (see 
pages 1-5, Description of the Related Art). Hence, the above reads on, 

A method for forming a conductive damascene structure by filling copper in a 
plug portion formed on an insulating film, the method comprising: prior to filling copper 
in the plug portion, forming the plug portion by a film forming process and an etching 
process that provide either little or no copper barrier property to side wall portions and 
plane portions defining inner walls of the plug portion, and then forming at once a 
copper barrier layer on the side wall portions and the plane portions of the created plug 
portion by a plasma process utilizing a gas plasma including a component that functions 
as a barrier against copper, in claim 4; and 

A method for forming a conductive damascene structure by filling copper in a 
plug portion formed on an insulating film, the method comprising: prior to filling copper 
in the plug portion formed to have on its inner wall a two-step trench portion comprising 
a large cross-section and a small cross-section via a plane portion, forming the plug 
portion by a film forming process and an etching process that provide either little or no 
copper barrier property to side wall portions and the plane portions defining the inner 
walls of the plug portion, and then forming at once a copper barrier layer on the side 
wall portions and the plane portions of the created plug portion having little or no copper 
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barrier property by a plasma process utilizing a gas plasma including a component that 
functions as a barrier against copper, in claim 5. 

Claim Rejections - 35 USC §103 

7. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Applicants' admitted prior art in view of Van Buskirk et al. (US 6,184,550 B1). 

Applicants' admitted prior art fails to teach forming at once a copper barrier layer 
on the sidewall portions and the plane portions of the created plug portion by a plasma 
process utilizing a gas plasma generated from a mixture of rare gas and hydrocarbon 
gases. 

Van Buskirk teaches, "Barrier layers according to the present invention may be 
made by reactive sputtering using N 2 , CH 4 (or other reactive sources of N and C), CVD, 
or by nitridation, carbidation or ion implantation of preexisting metallic layers (column 6, 
lines 53-56 and column 3, lines 13-25). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify Applicants' admitted prior art by forming a barrier layer as 
taught by Van Buskirk for the purpose of minimizing the resistivity of barrier layer, such 
as in Cu barrier layers, which take up a significant fraction of the cross-section of the 
conductor in ULSI metallization schemes, and providing a barrier layer that would result 
in an amorphous or nanocrystalline microstructure, which will improve barrier properties 
and facilitate reduced barrier thickness (column 6, lines 1-10). 
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8. Claims 8, 9, and 11 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Applicants' admitted prior art as applied respectively to claims 4, 5, and 7 above in 
view of Narasimhan (US '301 B1). 

Applicants' admitted prior art fails to teach wherein the copper barrier layer is 
formed to reach a depth of 3 nm to 50 nm, in claims 8, 9, and 11. 

Narasimhan teaches a method for improving adhesion of diffusion layer on low-k 
FSG or a halogen-doped silicon oxide layer (Abstract). A barrier film, such as tantalum 
nitride is deposited by sputtering argon and nitrogen gas on target 316 with an RF 
power source and DC bias (column 5, lines 23-24 and column 6, lines 1-9 and 15-36). 
The diffusion barrier layer has a thickness between 50 A and 200 A (i.e. 5 and 20 nm), 
(column 6, lines 8-9) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the admitted prior art by using Narasimhan's method of 
depositing a barrier layer onto a low-k dielectric for the purpose of preventing silicon into 
an overlying metal layer (column 6, lines 1-3). 

9. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Applicants' admitted prior art in view of Narasimhan (US '301 B1) as applied to claim 1 
above, and claims 12-15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Applicants' admitted prior art in view of Narasimhan (US '301 B1), both further in 
view of Jeng (US 2002/0068432 A1). 

Applicants' admitted prior art in view of Narasimhan fails to teach accelerating 
the generated ions by 1 keV to 50 keV. 
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Jeng teaches patterning a dual damascene and ion implanting a predetermined 
region of a dielectric layer with 20 to 100 keV [0025 and 0026], which reads on and 
encompasses accelerating the generated ions by 1 keV to 0 keV. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made of modify Applicants' admitted prior art in view of Narasimhan by 
using Jeng method of implanting ions for the purpose of raising the yield and quality of 
the process of forming damascene [0011 and 0012]. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Lynette T. Umez-Eronini whose telephone number is 
571-272-1470. The examiner is normally unavailable on the First Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nadine Norton can be reached on 571-272-1465. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



Application/Control Number: 10/787,460 
Art Unit: 1765 



Page 9 



Art Unit 1765 

Itue 

August 2, 2007 




